Samples have been characterized using X-ray powder diffraction (XRD), scanning electron microscopy (SEM), DC electrical resistivity and magnetic-hysteresis loop measurements.
Materials and methods
Bi 2 Sr 2 CaCu 2−x Cr x O y ceramics, with x = 0.0, 0.05, 0.10, and 0.25, have been prepared through a polymer solution route from commercial Bi(CH 3 COO) 3 (≥99.99%, Aldrich), Sr(CH 3 COO) 2 ·1/2H 2 O (99%, Panreac), Ca(CH 3 COO) 2 ·H 2 O (98%, Alfa Aesar), Cu(CH 3 COO) 2 ·H 2 O (98%, Panreac), and Cr(CH 3 COO)·H 2 O (99.9%, Alfa Aesar) powders. They were weighed in the appropriate proportions, and dissolved in a mixture of glacial acetic acid and water. To the resulting clear blue solution, polyethyleneimine (PEI) (Aldrich, 50 wt% water) was added, turning to deep blue immediately. The solution was then concentrated by recovering about 70% of the initial solvent in a rotary evaporator. Total solvent evaporation is produced on a hot plate at about 150 °C, producing a deep blue thermoplastic paste. Further heating at about 300-350 °C decomposes the organic material through a selfcombustion, with the release of CO 2 and nitrogen oxides. The brownish powder was then thermally treated at 750 and 800 °C for 12 h with an intermediate manual milling in order to decompose the alkalineearth carbonates. The final black powders were isostatically pressed in form of cylinders (∼3 mm diameter) at about 200 MPa. The green ceramics were subsequently grown at 15 mm/h in a LFZ system using 18 rpm relative rotation between the seed and feed. Texturing conditions were selected according to previous works [39, 40] .
Due to the incongruent melting of these materials, it is necessary to perform an annealing process to produce the Bi-2212 phase. It has been performed in two steps: 60 h at 860 °C to form the Bi-2212 phase, followed by 12 h at 800 °C to adjust the oxygen content and, finally, quenched in air to room temperature.
Samples with x = 0.0, 0.05, 0.1 and 0.25 will hereafter be named A, B, C and D, respectively.
Electrical resistivity and magnetic measurements were carried out using a Cryogenic Limited PPMS (from 5 to 300 K). X-ray powder diffraction analyses were performed in a Rigaku Ultima IV X-Ray Diffractometer with a constant scan rate (2°/min) in the range 2θ = 3-60° to identify the different phases. Lattice parameters have been automatically calculated by the PDXL software version 1.6.0.1 with the ICDD version 6.0 database. Microstructural characterization was made on polished longitudinal cross-sections of annealed samples, using a scanning electron microscope (SEM, JEOL JSM 6400) equipped with an energy dispersive spectroscopy (EDX) system. Figure 1 shows the powder XRD patterns of all samples. As it can be observed in the figure, major phase is the high-T C Bi-2212 in all cases. Moreover, small amounts of Bi 2 CaO 4 secondary phase have been detected (peaks indicated by * in the figure). Moreover, no Cr-based phases have been detected, suggesting that Cr has been incorporated into the Bi-2212 phase crystal structure. On the other hand, an increase in the XRD peaks intensity of B samples at 2θ = 24.98°, 27.7°, 31.24° and 45.04° can be observed, indicating that they possess higher crystallinity [41] [42] [43] .
Result and discussion

XRD characterization
Lattice parameters calculated from the XRD diffraction data are displayed in Table 1 . The increase of a and b unit cell parameters in the Cr-substituted samples, when compared with the undoped ones, can be due to Cr incorporation in Bi-2212 crystal structure. Other feature illustrated in Table 1 is the slight decrease of a, b, and c parameters in the C samples, compared with the ones with lower and higher Cr-doping. This is an unexpected result and more work should be performed in this system in order to clearly explain the crystalline parameters evolution.
SEM analysis
SEM micrographs performed on longitudinal polished sections of all samples are given in Fig. 2 . In these images, it can be observed that there is a good alignment of grains along the growth direction. However, several contrasts can be seen in these samples. EDX analysis of these contrasts has allowed the identification of three different phases. Grey contrast (major one) corresponds to the superconducting Bi-2212 phase, while white and black contrasts to Bi-2201 and CaO secondary phases. These phases agree with the XRD data, with the exception of CaO, not detected with this technique, probably due to its low amount. Moreover, the amount of this secondary phase is decreased in samples B, compared with the A ones, while it increases again for higher Cr doping. Figure 3 shows the temperature dependence of the electrical resistivity for A, B, and C samples. Due to the fact that D samples are not superconducting, their resistivity results have not been included in the figure. These results seem to disagree with the RXD results, which showed very similar patterns for all samples. On the other hand, it is well-known that the formula of this phase can be written as Bi 2 Sr 2 CaCu 2 O 8 + δ . This δ coefficient indicates a slight excess of oxygen in the perovskite structure. Moreover, the superconducting properties are dramatically affected by relatively small δ value variations without modifying the crystal structure [44] . When observing the graph, T c (onset) of all these samples is higher than 90 K, typical values for the Bi-2212 phase. However, the width of the superconducting transition (ΔT c ) for x > 0.05 is considerably increased (see Table 2 ). This effect suggests that Cr is modifying the Bi-2212 oxygen content, affecting the superconducting properties. Moreover, another effect produced by Cr addition is the modification of Bi-2212 phase melting point. These variations lead to important changes in the grain boundaries, reflected in the T c (offset) values. It is obvious that grains connectivity is significantly decreased when Cr content is increased. On the other hand, as previously mentioned, the superconducting transition temperature depends on the charge carrier concentration. It is clear that high Cr-doping negatively affects the charge density between CuO 2 and their adjacent charge reservoir layers. From these considerations and the above data, it can be observed that samples B are closer to the optimal charge carrier concentration than the other ones.
Electrical measurements
Magnetic properties
The magnetic-hysteresis cycles, between ± 1 T applied fields, for all the samples at 10 K, are presented in Fig. 4 . M-H loops in conventional type II superconductors are extremely important in determining pinning forces as well as their diamagnetic characteristics [30, 45] . In the figure, it is evident that M R values, as well as the M-H loops width significantly decrease when Cr content is increased. These effects clearly point out to a pinning force decrease in the Cr-doped samples. However, the path of magnetic hysteresis curves is quite similar in all Cr-doped samples, implying the formation of similar phases. Even if electrical measurements for samples D showed that they were non superconducting, they display a magnetic hysteresis loop due to the presence of Bi-2212 phase. On the other hand, a clear difference in the shape of the hysteresis loops can be observed from the undoped to the Cr-doped samples. Furthermore, in spite of these modifications, sample B seems to possess larger loop area than the undoped ones, probably due to their higher Bi-2212 phase content.
The J C values for all samples were calculated from the hysteresis loops at 10 K, using the Bean's model [46] : where J c is the magnetization current density in ampéres per square centimeter. ΔM= M + − M − is measured in electromagnetic units per cubic centimeter, and d is the sample thickness. Figure 5 shows the calculated critical current densities for all samples, as a function of the applied field, at 10 K. It should be noted that resistivity results have shown that samples D are no superconducting. However, XRD results showed that samples D are majorly formed by the Bi-2212 phase, otherwise they would consist in a large halo [47] . Thus, even if calculated J c values of these samples do not reflect a real transport critical current density, they have been represented in Fig. 5 . From the figure, it is clear that samples B have the highest critical current 
Conclusions
The effect of Cr doping on Bi 2 Sr 2 CaCu 2−x Cr x O y phase (x = 0, 0.05, 0.10, and 0.25) has been investigated. A highest superconducting transition temperature has been found in the 0.05 Cr doped samples. Powder XRD results have revealed that all samples have similar patterns, with the Bi-2212 phase as the major one. However, the intensity of some XRD peaks for 0.05Cr-doped samples is higher than in the other ones, which can explain the observed enhancements in their T c values. Magnetization loops (M-H) results have clearly shown that the width of hysteresis loops increase in 0.05 Cr doped samples. As a consequence, it can be deduced that Cr doping in low contents is useful to raise the superconducting properties of Bi-2212. 
